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INTROLUCTION  , 

w“oday, a wide range of materials used in meny 
CON pl Cech imecure Gate required to perform to the limits 
ef their mechanical strength end eCndurvence . mls sel nem 
desirable to be able to predict the maximum dynemic 
Smeley a structure can absorb Rarnone Ped rae. or to be 
able to predict the deformations that result from a 
Somlision with another body or frem berms subjectcamire 
explosive loads. Wesigns utilizing plesticity theory are 
often more realistic in their predictions than those 
using elastic mcthods é€lone. 

inalysis of the plastic bchavior el structures is 
often simplified by disregarding any elestic deformations 
mecemw vic Structure 1S™ statically Loaveqs ihe rigid-plastic 
method of analysis has been shown by experimentation on 4 
Marecty OL Structures GO be generally valid under static 
mocdi ng Condi tl ons. 

The rigid-plastic methods developed for statically 
loaded structures have been extended to dynamic loading 
situations in order to predict their behavior under these 
conditions. Symonds (29) has indicated that these pre- 
dictions ere reasonable when the external dynamic energy 
meparted to a structure is at least ten times the amount 
Of energy which could be absorbed elastically by the 
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should be short compared to the natural period of the 
structure. 

ulementary rigid-plestic theory neglects elastic 
effects, strain hardening, strain~rate sensitivity, and 
geometry changes. The validity of these assumptions 
rave Deen Subjected to numercuc iivecumeal mou. 

Cylindrical shells have been investigeted by Hodge 
iiss, 125 14) and others (8,22) wsine veri ous boundary 
Conditions and dynamic loads. ‘Yhese theoretical analyses, 
however, disregard geometry changes and the influence of 
strein-rate sensitivity. 

Jones (20) analyzed cylindrical shells and concluded 
that in the dynemic case, geometry changes are important 
even for small deflections and should be retained in 
Seondrical shell analysis wath exial constrains, 

baker (1) developed e theory for the elastic-plastic 
response of thin spherical shells subjected to spherically 
Symmetric internal transient pressure loads. His 
analysis includes the effects of strain hardening but 
neglects strain-rate sensitivity of the shell material. 

Wierzbicki (31) presented a solution for a spherical 
eenveiner neglecting “strain hardening but inciudes 
strein-rate sensitivity. He showed that impulsive loading 
of a sphericel container may lead to large strain-rates, 
and concludes that strain-rete sensitivity of the material 


must be reteined in the analysis. He stated that no simple 
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function describing the influence of strain-rate can 
closely approximate the reel behavior of the material 
over a wide renge of Strain-rates. He alse She @eiet.a. 
if strain-rate is accounted for, the magnitude of the 
final. strain depends upon the shape of the impulse and 
depending on this shape, the magnitude of the finel 
strain can be either smaller or larger than those 
predicted by a rigid, pericctly =splactic solute, 

Kost experimental investigations have been 
conducted on such structures as teams, cantilevers, and 
plates. Parkes (26) subjected mild steel beams to dynamic 
loads and found that the permanent deformations that 
resulted were smaller then those predicted by rigid-plastic¢c 
Paieory, iies¥e on cantilever beams conducted by Bodner gerd 
Symonds (2) showed that strain-rate sensitivity was 
important. Recent experimental work by Jones, et all uonen)) 
has shown that geometry changes and strain-rate sensitivity 
Ga che material are important. These have shown that the 
predictions made by rigid~plastic theories are acceptable 
provided that the influence of geometry changes is retained 
for moderate deflections as well es strein-rate sensitivity 
when appropriate. Jones (18,19) has shown that strain-rete 
sensitivity is generally more important than strain hardening 
one maverial. 

Giannotti (10) subjected spherical caps to impulsive 


loads and concluded that strain-rete sensitivity is an 
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important consideration. He also observed that tne effect 
of strain hardening was negligible. | 

AS Taras this auuhor is ayer ciser nears (LORE, 
or experimental investigations have been published on 
spnerical shells intersected by a cylindrical mozzile 
subjected to dynamic.doads suiricicnt to Cauisem piacere 
flow of the material. However, Jones (21) has presented 
a tentative method of approximating dertlecti ons, fom side 
sphere-nozzle intersection. This method neglects 
gcometry changes and strain-rate sensitivity as well as 
eeoumes thet the material 2S rigid, pemtectly plastic. 

fhe author presents the results of five tests 
conducted on spherical shells intersected axisymmetricelly 
fae Cylindrical nozzle subjected to uniformly distri buted 
mievernat iinpulsive loads. 

The spherical shell is a hemisphere and is rigidly 
elemped around its base, while the cylindrical mozzic 12 
not constrained. The shells were made from 6061~T6 
aluminum which is relatively insensitive To Streain-rate. 
These tests are presented in Section I. 

In addition, twelve tests were conducted on 9O-derrcee 
eylindrical shell panels which were subjected to a 


uniformly distributed impulse sufficient to cause plastic 
deformation of the panel. These panels were made from 
hot-rolled mild stecl and 6061-16 aluminum. Since mild 


fteecl 1G a Strain-rete Sensitive maveriel ena olcl- we 








aluminum is not, a comparison of results al ov ee ote 
influence of Strain-cate Ee AG be estimated, 
These tests are a continuation of the work sonducted by 
Dumas (6), and are presented in Section II. 

It is hoped that the results presented here mey 
eid in assessing such numerical procedures as developed 
by Leech, Witmer, and Pian (23) and in developing 
approximate or exact methods of analysis such as those 
presently being undertaken in the Department of Naval 
Architecture and Marine Engineering at Massachusetts 


Institute of Lechnology. 
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Mean -radius 

Length of nozzle (outside) 


mi - . aes aq 
Mele t ins Cea LP 


Specific impulse 


liass of specimen acted on by initial velocity V 
Initial velocity V = I/i 

Permanent deflection 

Average permanent deflection near the sphere-nozzle 
intersection (point "C", or "G" of figure 5 ) 
Average permanent deflection et nozzle free-end. 
Weight of explosive 


veRe 
Impulse paremeter R= Po 
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Mass density of material 


Yield stress of material in simple tension 


Fimsccripts n, and s refer Go ecylinagrical nezzle ang 


Sphere of each specimen respectively. 








LAPERIMENS ZL De TAILS 
\ 


DuPont "wvetasheet" explosive ae range of thickness 
fron. OnOO inches to 0.015 inches was applied over the 
inner surface of each intersecting shell test specimen, 
AJ1/4 inch a ee layer of low density (0.027 gm /em?) 
polyeurethene foem was employed aS an attenuator between 
time sheet explosive and the specimen surface. This 
explosive ~- attenuator system was calibrated and found to 
Mave a specific impulse of 18.42 x 104 dyne-sec/gm or 
0.4125 lb-sec/gm (See Appendix B). It wes only 
necessary to weigh the explosive to compute the actual 
meovise imparted to the specimen in each test, Iuion: 
6484 cement was used- between the "Le asiveet", 2eam and 
the test specimen. 

bach ese specimen consi ste® of aan laived eevee 
Gramneter hemisphere intersected axisymmetrece ly eye enacts 
gmch long cylinder with a two inch diameter. the 
hemisphere hed a nominal thickness of 0.111 inches while 
the nominal thickness of the cylinder was 0,081 inches, 

fhe sphere and cylindrical nozzie thicknesses were 
designed such that the static collapse pressure would be 
approximately equal. Hor tie eietcer 


eee oe 


a 
S 


alee 








for the cylindrical nozzle 


inerefore, the thickness of the cylindrical nozzle wes 
adjusted such that 


H = Son 


Yhe hemisphere was formed from 6061 ram bbbiinb aioe ah Ilene 
plate using a hydroforming process, then machined to 
Pievide & more Uniform thickness, ine Cylinder was 
machined from 6061 aluminum solid round stock, ‘The 
intersection was mede by using a tungsten InerusGes (UG 
welding process. 4 No. 4044 eluminum Filler rod with a 
feta surength of 22,000 psi Wee used in the weld, 

ylLer the welded joint was made, ie a deme 
eyusicde suriece of the Joint was machined to provide «2 
Perepeimversection, i#fiter whe specimens were deur cacca, 
they were heat treated to the £6 condition. Figure 1] 
shows a typical specimen. 

Figure 4 illustrates the specimen clamping errange~ 
ment. ‘The clamps were mede of 1/2 inch thick steel plate. 
ie clamping surfaces were serrated and case haradenea an en 
attempt to ensure thet the fully clamped support condition, 
wWitiemo SlLipnage of the specimen, would exist. Uleamps Gi 
shown in figures 2a-c. 

FrL Or to testing, each specimen ves Meaomrcusae 


hein bo Setue! dimensions. Whicknesses were measured 
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using a dial indicetor. ‘These measurements are given in 
Tables J a-e. Whe coordinate system used for these 
tables is the same used to measure permenent deflections 
as aroun in figure 5. the observed variation of 
thickness for all specimens was less than +0,0007 inches 
imo tine hema sphere, sand. +0. 0006 ances tor Vilewe) tindicw: 
mic OUbSide diameter and length of the cylinder wes 
measured using a micrometer and inside caliper. 

the outside diameter of the hemispnere was obtammed 
by chucking each specimen on a lathe and adjusting it so 
wet the hemisphere turned on-center. A dial indicator 
wes mounted on the tool post end edjusted to measure 
em-céenter, with the dividing head adjusted Go move 
transversely. # reference point was picked near the 
flanged end and the dividing heéd and crossfeed adjusted 
to produce a reference reeding on the diel indicator. ‘whe 
dividing head was then moved @ given amount and then the 
@rocsiecd was adjusted to produce the same reference 
fmeacine® on the dial indicator. & series oF such poinls was 
obteined for each specimen end are given in Yable Za-c. 
Me coordinete system used for this operation is shown in 
Figure 7. An averege outside diameter was then obteined 
Beapnically. Figure ~ shows the plot of e typical specimen, 

initial deflection readings were takcnevsin- tire 
apperatus shown in Figure &. ‘whe specimen was then 


loaded with the foem attenuetor and exnlosive end the 








apecamen - Clamys arrangencn . suctmed vo the metal support 
table (figure 4). Figure 6 shows the generel arrangement 
of epparatus for tests. 2 "“tetachicat ia. | | 
orle> = in ~ OF0NO = ai oe 20n ies wes employed between 
the explosive sheet and a No. 6 clectric blasting cap. 
une leader was split with one end attached to the explosive 
mimioe Sphere and the other to the explosive in the cylinder. 
Whe leader was atteched by simply pressing the end into the 
esieet ex plosivemwith a finger, 

The specimen was removed from the clamps end final 
deflections taken. ‘The permanent deflections caused by 
the impulse loading was simply the difference between the 
meal and initial deflections obtained. @imese denlecumons 
mere measured to the nearest 0,0001 inch. ‘he coordinate 
mee system used in measuring deitlections 1s Showy in 
Figure Dis 

The average density of the 6061-16 aluminum material 
for both the hemisphere and cylinder was obtained by 
carefully weighing severel samples and using a water 
displacement method to measure their volume. the density 
of the 6061-76 aluminum was found to be 2.495 x 1 Ona 
Mbesec”/in’ for the sphere and 2.479 x oma Meee re 
mom tie Cylindrical nozzle, 

Appendix A gives the results of tensile tests 
Conducted on the specimen materials. 

kecentricity between the sphere and nozzle axes was 


PleCmen snd round to pve 0,05 iancnes. 








DISCUSSION OF Re suLeS 


the results for the impulsively loaded Mneies 
eeu nCri Cal normale wwe ct specimens aie given in Yables 

Figures 9 and 10 show the deflection perameter 
W*/H as it varies with the impulse paremeter , N Fae 10\6! 
the uni formly distributed impulse velocity V. 

The deflection parameter W*/H was determined by 
everocing the defleeétions at points "OC" and) 4G) wee 
ieee 5 for the sphere and nozzle respectively. = vemacc 
values were chosen due to the non-symmetric deflections 
obtained in the tests. The reason for the non=symmetric 
deflections is not (galt understood. The author believes 
thet the non-symnetry might be caused by a number of 
mecurors. 

rirst, the spherical section of each test specimen 
mernol actually spherical in shape, but is more ecllipsordal. 
Yuen the spheres were measured for their outside diameter, 
it was observed that each sphere had a major and minor 
axes, perpendicular to cach other, thet varied in length 
by ebout 0.015 inches. kccentricity between the axes of 
the sphere and nozzle might also contribute to the 
non-symmetric deflections. Non-homogeneity of the heat 
eifected zone of the welded intersection, or, of the base 


meterial itself, might also have contributed to the 
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non-synmetry of the deflections. The explosive used may, 
in fact, be non-homogeneous, and therefore, the velocity 
distribution may not be uniform. The perforation 
procedure used to reduce the loading impulse may also 
contribute to a non-uniform velocity distribution. 

the derlectilon proti les Werreraverase 7 cere 
shown in figure ll aed. 

Figure 9 shows a non-linear relation between W*/H 
ang WW. this relation, for the sphere, appears to agree 
with the results obtained on 180 degree spherical caps 
byeGiannotti (10). 

Figure 10 appears to show a relative linear 
relation between W*/H and V. his relation also agrecs 
with reference (10) for the sphere. 

epecimen Nog 2 does mou fall wit sine cinerea. 
as the explosive loaded into the nozzle failed to detonate. 
it does show the effect of the nozzle in that the resulting 
deflections were much smaller than if the nozzle had been 
Subjected to an impulsive load, 

No results were obtained in Test No.5 Jasmine Toad 
Caused catastrophic failure in the nozzle. The nozzle 
wewLon was completely sheared in the axial direction at 
peveral locations. Where were also cracks abouw one inch 
mone in the sphere that corresponded to the axial 
failures of the nozzle. ‘The nozzle had separated from the 


Sphere, between the cracks, precisely at the sphere-nozzle 
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intersection. It is felt that the failures started at 
derects in the welded intersection joint and propagated 
into the nozzle and sphere. Tests No. 2, 5, and appear 
tO confirm the assumption that weld defects were the 
Gnitiaetion points of the feilure an Test No. 5. eiiese 
tests exhibited very small hairline cracks at the 
Sphere~nozzle intersection. These cracks were also 
propegzating in the axial direction of the nozzle 
(perpendicular to the sphere-nozzle junction). 

wJhese results show that the welded joint is of 
Peeeme Concern in the design of similarity sheped 
structures that might be subjccted to impulsive loads. 

in oraexy to oObbGEn Detter SesulvserceC gee Gites. 
OF this type, it is recommended that a lerger number of 
test specimens be used. It is recommended that additiona 
tests be conducted, and that these eee should use 
Specimens of greater wall thickness than those used here. 
its 3S to eliminate the need for perforating the 
explosive in order to reduce the impulsive loads, It is 
also recommended that the diameter of the cylindrical 
mozzile be reduced and that the tests be conducted by 
ioacing the explosive into the sphere only. 

By thus changing the cxperimental precedes cyan. 
Way be possibic to better assess the influence of the 
intersecting nozzle by comparing results with those 


obtained by Giannotti (10) for sphericel cans. 








CONCLUSIONS 


An experimental study into the dynamic behavior 
ef intersecting sphericalsand cylandercal shel ia, 
elamped around the base of the Spiereyanad Ssubjceycds 10 
Por oumily distribuved loads is reperved. ne loade 
mere Sufficient to cause plastic flow of the material. 
The material used for all tests was 6061-16 aluminum. 

Due to the limited number of tests conducted on 
fae Spnere—cylindrical nozzle intersections, it is nov 
possible to draw any concrete conclusions as to the 
mmluence of the intersection, 

However, it is felt tnhageibhe nozzle has@tne ci tec. 
of reducing the maximum deflection that might be obtained 


mor 2 Spherical cap subjected to the same impulsive load. 
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LXPERT nih PROGR UU iY 
in addition to tests condueuwed on the aiverced ya 
shells, a series of tests were also conducted on 90 degree 
Cylindrical panels. 

Yhe test specimens and experimental procedure used 
were primarily the same as those used by Dumas (6). Six 
bests were conducted on hot-rolled mild steel panels with a 
nominal thickness of 0.108 inches and six tests were 
conducted on 6061-T6 aluminum pancls with a nominal thick- 
ness of 0.091 inches, ‘whe procedure and apparetus for 
measuring deflections was the same as used by Lumas. 

beech specimen mos loaded With a 2i Weoineccotancular 
sheet of DuPont "Detasheet" explosive pleced on the 
geometric center of the specimen's inner surface, A 1/4 
gnch thick foam attenuator was used between the specimen 
and the explosive. ‘his is the same explosive-attenuator 
system used by Jumas. 

A re-calculation of the calibration tests conducted 
fieevunes was done. This resulted in a different specifac 
impulse, Jos than that reported by Dumas. the actual 
Specific impulse was found to be 19.20 x 10° dyne~sec/pm 
or 0.430 lb-sec/gm. Some of the tests were conducted 
Mmeoene a different batch of explosive than that used oy 
momeas, This new explosive was found to have a specitic 
Mopulse of 18.42 x 104 dyne-sec/gm or 0.4125 lb-sec/gm, 


(See appendix B) 
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mpuLteal velociuya. V that the values reported by: wvUumas were 


@? 
incorrect, not only from the use of a lower value for the 
weeciiic impulse, tos but also from the calculation of the 
specimen mass, Mes and the determination of the mean Giameter, 
ie 

ime Correcs defination of Userspecimen meso tent 
mass of the specimen over which the initial velocity acts 
as shown in figure (II-1). 

From figure (II-1), it can be seen that, Mig, is not 
the same as the mass of the entire specimen between the 
eteamped cdfes. 

iy the determina wiron o> Ms iy 18 necessary Go 
calculate the mean nee length over which the initial Ve VOC Wing 
ects. From figure (II-2), it cen be seen that the mean 
meatus, R, 1s: 

ig (H/2 497) (1) 
where tt is the thickness of the foam attenuator (1/4 inch 
for the tests conducted here). ‘The are length of the 
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krom equation (12), it appeared that there was a 
for StCp in the experimental procedure thet might be 
feierent from the procedure previously used by sumas, 
this wes in the measurement of the meen specimen diemeter, 
In the additional specimens tested, the mean diameter Was 
mecosured by tracing the outline of the specimen and 


measuring the outside diameter, Dos of CSch Specimeineand 


auth, | 








the mesn diemeter found by using: 


Da (i) 


the hydroforming process used to make the specimens 
uses a mold to give the specimen an outside diameter of 
4 inches while in the mold. ; 

113 poet ces ee : a= ne 

the results reported by umas makes the assumption 
ietec the outside diameter of each finished specimen is in 
Meret four inches. ‘This assumption does not account for the 
elastic strain which relaxes when the specimen is removed 


from the mold. this relaxation tends to increase the 


9) 


specimen diemeter. Fron exemining equation (12), it i 
seen that both \\ and W GI/R) are highly sensitive to 
the mean diameter measurement. 

the assumption was made that the included engle 
between the clamped edges, 9, as reported by lumas was 
correct. the width of the clamp opening was measured and 
memamd to be 3.00 inches. S5y using the following: 


D ie oO 6, inches 


O ray > epee eres ar I 


sin (0/2) (14) 
a new outside diameter was calculated. ‘the mean diameter 


wos then calculated by using equation (13). 








iSCSI oNe OF ReEsuLes 
fables II-la and if-lb give the resuits of vsing the 
moerrectcd data Tor whe hot-rolled mild steel specimens. 
itables Ji-2a and [i-2b give the results for these0ol-i% 
aluminum specimens. 
Appendix A give the mechanical properties for 
each Meeeiien and specimen thickness. ‘the cross head 


speed of the tensile test machine was 0.1 in/min for all 


fensile tests were conducted in two directions on 
the plate perpendicular to each o1 ther. An aversge value 
of these results was used eas the yield strength in 
Sewculating results, | 

A variation of thickness #0,0002Zin was observed in 
the new hot-rolled mild steel and 6061-26 aluminum panels 
tested, 

The experimental values of permanent deflections 
resulting from a uniformly distributed total impulse, I, 
is presented for mild steel and 6061-6 aluminui specimens 
in Figures If-4 and I[1f-4 respectively. ‘the maximum 
meerecti on occurred at the center of the cylindrical permed 
in most cases, as expected; therefore the center point 
ew) eCtion, Bo? Vas UseceOMmrCeno hoy ChHe lcm hme cc olmmmaL 
msseen thet the permanent deflection is a non-lincsr 


iunction of total impulse. 
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The permanent defileciionew er seach son ie 
additional specimens tested are tabulated in ables I1-3 
and i1-4, 

‘The deflection parameter 6./His plotted as a 


function of the impulse parameter |\ sip in figure 21-6, 


fa 
Y 


i is evident from this figure that permanent deflection 
meepancls mace from mild stcel ame smaller than deflections 
of similar panels mede of 6061-6 aluminum. ‘Yhis is 
meme vyea to be due to the difference in strain-reave 
sensitivity of the materials. The mild steel is strain-rate 
sensitive while the 6061-16 aluminum is reletively 
insensitive to strain-rate. 

While figure II-6 shows a non-linear relationship, 
the curves appear lincear over a range of ¢,/l,, less than 1.6. 
Therefore, it is felt that bending only theory mignt predict 


results which reasonably approximate the experimental 


results for a range of on ie leis Tebiesa ea, 








CONCLUSIONS 

It is shown that the permanent deflections are 
non-linear functions of total impulse. By extending the 
lines plotted, an estimate of the minimum value of inpulse 
that wovld produce a permanent deflection might be obteined, 

It is evident that the permanent deflections for 
the mild steel specimens are less than those of geometrically 
similar 6061-16 aluminum cylindrical panels subjected to the 
same magnitudes of total impulse. It is concluded that this 
is due to the different meterial strain-rate sensitivities 
of the two materials tested. 
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It is also concluded that reasonable results might 
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Bewobtained by neglecting finite deflections for impulsive 
loading when One is less than approximetely 1.0. 
it is recommended that additional tests be 

Memcaucted {or varying panel thicknesses over a wider renge 
of impulse than that examined here. It must be pointed out 
here that values of Onin greater than about 2.0 might be 
difficult to obtein for 6061-16 aluminum panels. This 
material tends to exhibit shear along the clamped edges 
for impulses greater than those leading to a 6,/H, of 


pyeout 2.0, 
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MeCHAN(IVUAL PROPLERETiS OF Westie Sie ee 5 


Tensile tests on the Specimen materig@s  weac 
conducted on an Instron testing mechine. the cross-head 
speed of the machine wes 0.1 in/min. in all cases. 

two tests were conductea on semples of plate used 
for forming the spheres and cylindrice] panels. These 
memcile test specimens were taken from two directions in 
me plate pexrpendiculsr to each other. Iwo tensile test 
srecimens were also made from the parent material used for 


@memcylindrical nozzles, These were taken irom tne paren: 


Mmeaperial in direclions parallel to each other. A 2 inch 
Bage length was used with 2.125 inch between the machine 
fewse inf Ccch case. 

aNe-yViela Suress, found here is the OF2. ciicem 
yrelad stress. The value of the yield dress used in the 
Caiculations is the average yield stress from the two tests. 
Lhe vltimate tensile stress is the maximum stress that the 


material cen sustain. This is the maximum point on the 


stress-strain curve. 


$e 


Peveant 6 Oneal LON Sue VAGLO OW tllem mic £eo Se sad 
woee Length to the originel gage length to the point of 


fa) 


to compare the ductility oi 


meecture., tltis used 
materials, 


Lhe M@Suits of the tensile tecisers piven in 








Tables fel, A#-2 and A~3. thigures A-l,and A-2 show stress- 
strain curves for spnere and evince, noZZzles. 
Densities were found by Sa POY acd eens and 
measuring the volume of sanples of the parent material 
Msing a water displacement method. these results are 


given in ‘lable A-4. 
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TABLE A~2 
MCHANICAL PROPLRPInS HOL-KOLLED Mibu Sieh. 
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Nominal thick- do, Oo Ou, = 
_ness inches psi psi — psi ee 
56100 5.1600 39.0 
Op OE 26900 
Bet O18. 541.00 29.0 
36300 51000 La 
0,108 36650 
37000 — 52900 30.0 
yey iele 4.9500 is (0 
0.076 Be 5G) 
36600 . 52000 50.0 
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MiCHANICAL PROPER@IES 6061-26 aALUMINUM 
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ENLLOSIVGe CHGLonl Onset 


the specific impulse of the explosive wes determined 
feere SCrics Of Calibration tesus Wnwch were Indepence ise. 
the tests conducted on the sphere-nozzle intersections or 
meeearical pancils. Whe general method of ceili bration 
Was thet of messuring the velocity of a circular disk 
Mmmechenoad been accelerated either upward or downwera by 
wHe explosive. ‘the specific impulse of the explosive is 


related to the measured velocity by: 


I O mo O 


rhe test specimens for these tests vere a 1/8 inch 


mee. DY % inch diemetcr mild steel circular plates. 


figure B-l. presents the generel errangement of 
fee ratus for the calibration tests. Tests were conducted 
feet sks acceleratca in the upward and downward directions. 
mee velocity of the disk was determined by using a Fdastax 
(Wollensak Wk-2) framing camere. The camera was focused 
Somure care of the disk and photographed over the first 
feewere |] inches of its flight. Whe disk was surrounded by 
e baffle plate 1/4 inch from its edge. so that smoke would 
mer ooscure the camera's field of views <A leycr of 1/4 inch 
thick polyeurcthenc foam wes used as an attenuator between 


anys: 


me CiSk surface dnd the explosive sncete The explosive 


BuO 





anag foem cttenuator Was Cul to Cons om GG tice 
Giemeter size of the disk. «A 1/8 inch wide by 20 inch 
Hons "“Detashcei." Jesdcr ves usca bel eon Tic 3ox owe 
a Wo. 6 electric blasting cap, ‘ne leader vias atvached 
at the center of the explosive sheet. . 

fhe camera time scale was provided by standerd 
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